The separate package and spillover models of photosynthetic enhancement are generalized and extended to light saturation assuming hyperbolic or exponential rate versus intensity curves. The available data are more consistent with the exponential model at high light intensities. Two significant conclusions follow: (a) the decreases in enhancement observed at high light intensities are accounted for by the curvatures of the light intensity curves for photosynthesis, and (b) nonlinearity of rate versus intensity curves may be sufficient to reduce enhancement greatly even when the intensity curves appear linear.
Myers (5) provided an analytical model of photosynthetic enhancement limited to the linear portion of curves for the rate of oxygen evolution versus incident light intensity. Bannister and Vrooman (1) attempted to account for the observed decrease in enhancement at high intensities by assuming the light curves were rectangular hyperbolae. Enhancement did not decrease as rapidly with intensity as the model predicted.
This paper shows that the observed decrease in enhancement at high light intensities is accounted for by the curvature of the light intensity curves if one assumes these curves are exponential and not hyperbolic. Light saturation curves measured under similar conditions on the rate electrode are consistent with this assumption (2, 7) .
THEORETICAL DEVELOPMENT
The terminology used is essentially that of Myers with the exception that I assume trap 1 turns over once each time trap 2 turns over during steady state photosynthesis; i.e., n in Myers' equations is assumed to be 1 (5 These equations reduce to Myers' equations (5) 
and
Enhancement, E2, calculated using the hyperbolic equations for PF1, P2, and P,-will be the maximal expected value of enhancement between P1 and P2 for all values of P1 and P2 between 0 and 1, provided X is greater than Y.
Likewise if X is less than Y, more quanta are potentially available to trap 2. Whether or not trap 2 actually receives excess quanta depends upon the value assigned to k. Under these conditions the quanta delivered to trap 1 are rate-limiting and equal to:
Consequently the rate P,. is in general: (6) and E1 = (PI2-P2)-PI Enhancement calculated using these hyperbolic equations for P1, P2, and P, will be the maximal expected values for enhancement between P1 and P2 for all values of P1 and P, between 0 and 1, provided X is less than Y.
Exponential Model. A similar development can be made assuming the rate versus intensity curves are of the form: 
and E2 = (P12 -PIVP2 It can be shown that curves of E1 versus P1 and E2 versus P2 are independent of the value chosen for k. Computer-generated curves for two values of P'2!P1 are shown in Figure 1 . The experimental points were determined from curves for Chlorella pyrenoidosa published by Bannister and Vrooman (1) , who assumed hyperbolic light curves and observed poor agreement at high light intensities. As shown in Figure 1 Plant Physiol. Vol. 47, 1971 much better with the assumption of exponential curves at high intensities.
The intensity of monochromatic light required for 90% saturation of C. pyrenoidosa varied from 2.7 times the intensity for 50% saturation, I0, at 700 nm to 4.8 times I. at 450 nm (7). For a hyperbolic curve 90% saturation should occur at 9.0 I.; while for the exponential curve 90% saturation should occur at 3.3 I.. Bonaventura and Myers (2) presented curves with I. equal 2.26 to 3.03 I.. Kok (4) also finds better agreement using exponential intensity curves than with rectangular hyperbolae. Measured intensities are lower than effective intensities on the rate electrode because of reflection back from the platinum surface (2, 7) . This is consistent with the observation that the light curves for wave lengths of low absorbance are more linear than those for wave lengths of high absorbance (7).
Theoretical curves for 650 and 700 nm are shown in Figure  2 using data of Myers and Graham (6 best line through the points, although enhancement decreases from maximum to approximately one over the range described.
The expected relationship between enhancement and rate is presented for several different ratios P,IP1 in Figure 3 assuming exponential light curves. Note as in Figure 2 that for P,1P, = 4, enhancement between 650 and 700 nm in C.
pyrenoidosa is expected to be down to E1 = 2.0 when P1 + P2 = 36% of the saturated rate. Likewise at P2!'P1 = 1, E2 = 1.25 when P1+ P2 is only 28% of the saturated rate.
In Figure 4 the expected relationship between 0, the expected maximal relative quantum yield at low intensities, and the fraction of spillover is shown for C. pyrenoidosa at 650 and 700 nm using data of Myers and Graham (5, 6) . Available quantum yield and enhancement data are not precise enough to permit discrimination between the separate package and spillover models (5, 8) .
